Introduction
Almost fifty years ago the famous "Coleman Report" introduced the notion of equality of educational opportunities. Coleman's most controversial finding documented that the main determinant of achievement for US students was their family background. In contrast, the variation in resource levels between schools accounted for little of the variation in academic achievement among students studying in these schools (Coleman, 1966 (Coleman, , 1968 . This result was confirmed in many studies in different countries over the next four decades (Gamoran, Long, 2006) .
In this paper, we provide a measure of inequality of educational opportunity for 72 countries based on the 2009 PISA study. We also explore the determinants of inequality of educational opportunity in a cross-country setting and ask whether there is a trade-off between equity and efficiency in education. We find that inequality of educational opportunity is unrelated to financial indicators, such as expenditure per student or public spending on education as a share of GDP, but does depend on institutional environment, overall economic inequality, and the availability of basic medical services. We also document the negative relationship between inequality of educational opportunities and educational achievement. In countries where family background plays a major role in determining individual progress, average educational achievement is lower.
This paper relates to a growing body of literature on the equality of opportunity. In 2006 the World Development Report documented that big differences in life opportunities for children from different family backgrounds exist to some extent in all countries and that they "lead to wasted human potential and thus to missed development opportunities" (World Bank Report, 2006, p. 2) .
In a society where children from middle-income and poor families end up with undeveloped talents, the economy is unlikely to be efficient and will miss many potential opportunities for investment and innovation. Thus, equality of opportunity (including educational opportunity) is a crucial ingredient in the pursuit of long-term economic growth.
The rest of this paper proceeds as follows. Section 2 provides the theoretical background of the study and Section 3 describes the data. Section 4 estimates the effect of family background on the educational achievement of students in 72 countries. Section 5 explores the main determinants of inequality of educational opportunity across countries and Section 6 shows that there is no trade-off 4 between equity and efficiency in education, at least in the sample of countries participating in PISA. Section 7 concludes the paper.
Theoretical Framework
We can think of inequality in achievement as the result of two types of differences: 1) differences in effort, which are subject to individual choice; and, 2) differences in opportunities or circumstances, which lie outside the individual's control. While the first type is regarded as acceptable, the second one is more problematic to justify because it does not reflect the choices or actions of children, but only the inherited circumstances beyond their control. Following Roemer, equality of opportunity would prevail if the outcome of interest (in our case, educational achievement) were independent of circumstances (Roemer, 1998) . Equal opportunity does level the playing field and, in principle, every member of society can have the potential to achieve his or her goals. Leaving aside moral and normative arguments, there are many positive studies showing that high inequality of opportunity leads to wasted human capital -the most valuable resource for a country's development.
The empirical literature on the measurement of inequality of opportunity has focused primarily on income or wealth inequality, but, as Ferreira and Gignoux argue, "there is no reason it cannot be adapted to the space of educational achievement" (Ferreira, Gignoux, 2011, p.15) . These authors propose to measure inequality of opportunity (IOp) by between-type inequality. The basic model is as follows.
Suppose that educational achievement y is a function of pre-determined circumstances C, effort E, and other environmental characteristics u. Effort is not exogenous, but can also in part depend on family circumstances and other environmental variables . Thus the model can be written as such:
Under the assumption of a linear relationship between achievement and circumstances, equations (1) and (2) can be written in the following reduced form
where captures the overall effect of pre-determined circumstances operating both directly and through effort. This estimation can suffer from omitted variable bias, since some circumstances cannot be observed and included in the model. Thus cannot be interpreted as the causal effect of pre-determined circumstances on educational achievement. However, if we are interested in the total effect of all circumstances on achievement, we can calculate the share of variation in that is explained by the circumstances, whether they operate directly or indirectly. This leads to the measure of inequality of educational opportunity 3 : PISA database and consider the joint effect of these circumstances.
In the next section we briefly describe the data on which we base our estimation. In the next section we begin our empirical analysis of estimating the effect of family background on educational achievement in all countries for which we have data from the 2009 PISA study.
Family Background and Student Achievement
Our main goal in this section is to calculate the measure of inequality of educational opportunity that is described in the theoretical section. How much of educational achievement is explained by pre-determined circumstances? In order to address this question, we estimate individual level regressions by relating PISA test scores to family background in every country assessed in the study, and compute the share of the variation in test scores that is explained by these characteristics. The regression equation is as follows:
, (5) where is the measure of student achievement in mathematics, science, or reading (we estimate separate equations for each subject); i and j are indexes referrung to individual and country, respectively. Family background is captured by a number of variables:
8  and are the father's and mother's respective educational level according to the seven-scale ISCED classification.
 is a dummy variable indicating highest parent educational status (high-skilled white-collar worker). is a dummy for a low-skilled white-collar worker. Bluecollar workers are left as the comparison group.
 and are dummy variables for full-time employment for the father and mother, respectively.
 is a six-scale measure of the number of books at home.
 is a vector for family structure, precisely a set of dummy variables indicating the presence of a mother, father, brother, sister, and grandparents.
 is a set of dummy variables capturing immigration status and whether the father and/or mother of the student were born in the country of test.
 is a dummy variable that captures whether the language of the test was the same as the language the student speaks at home.
 is the dummy variable for female gender.
 is the error term. In 50 out of the 72 countries studied, the educational level of the mother is positive and statistically significant. The educational level of the father is positively significant in 57 countries.
The type of job the parents had (high-skilled or low-skilled) is also important in all countries: If one of the parents occupied a high-skilled white-collar job, it raised the child's test scores by 30 points on average, holding the education of parents constant. The type of employment (full-time or parttime) is also significant with respect to test scores, as are the size of the family and immigrant status.
The influence of having books at home is statistically significant in 70 countries with an average effect of adding about 15 points to test scores.
Although the study of any particular effect is an interesting topic in and of itself, our main focus is the variation in inequality of educational opportunity across countries. As discussed in Section 2, our proposed measure of inequality of educational opportunity is the of an OLS regression of a student's test score on a vector of pre-determined circumstances. It provides a lower bound of the total joint effect of inherited rather than controlled circumstances on achievement. All three measures of inequality of educational opportunity are highly correlated. The correlation between inequality of opportunity in math and in science is 0.90, while that between math and reading 0.79. Figures 1 and 2 display this strong linear relationship.
Figures 1 and 2. Correlations between different measures of inequality of opportunity
In the next section, we explore the determinants of cross-country variation in inequality of opportunity and then explore the question of trade-off between efficiency and inequality. 
Determinants of Inequality of Educational Opportunity in a CrossSection of Countries
The average measure of inequality of educational opportunity across countries is 0.23, with minimum level of 0.05 seen in Azerbaijan, a maximum level of 0.35 in Panama, and a standard deviation of 0.06. What factors can explain this variability? Why do some countries achieve a much higher level of equal opportunity than others?
In principle, three groups of factors can account for this variation. First are the features of educational systems. The financing of schools, teacher incentives, tracking rules, and other characteristics can largely affect access to high-quality education for children from different family backgrounds. The second group of factors is purely economic. The level of GDP per capita, distribution of income, and natural-resource endowments can all affect how society provides opportunities to its ordinary members. The third group consists of factors that do not belong to pure economic or pure educational factors, but, nevertheless, play a substantial complementary role. For instance, access to basic medical services for children from different family backgrounds can affect their ability to learn and opportunities to achieve high academic results.
We explore the significance of these factors regressing our measure of inequality of educational opportunity (the from equation (5) Tables 4 and 5 . Table 4 explores the effect of educational systems, using as variables the education expenditure per student, public spending on education as percentage of GDP, pupil to teacher ratios, and pre-school enrollment. We gradually add these variables into the regression.
The estimation shows that financial indicators do not have a significant impact on the inequality of educational opportunity. This result is consistent with the finding of Hanushek and
Woessman finding there is no relationship between spending on education and student performance (Hanushek and Woesmann, 2011) . Pritchett also argues that just increasing spending within the current education system is unlikely to improve student performance, especially in developing countries (Pritchett, 2006) . Improving educational performance requires a focus on teacher incentives, institutions, rules, and regulations that set rewards and penalties for the actors. As our analysis shows, these conclusions can be generalized to educational opportunities as well as educational achievement. Purely quantitative financial factors like expenditure per student, public spending on education, or even the number of teachers per student does not affect the equality of educational opportunity. Along with financial indicators, we include one measure for the institutional environment of secondary education -the availability of pre-primary education. This variable can affect the inequality of educational opportunity in different ways. On the one hand, it can reduce inequality by providing access to pre-school training and compensating for a disadvantaged family background.
On the other hand, if pre-school training is itself distributed on the basis of social and economic status, then it can amplify the initial inequalities in family background and lead to more unequal educational opportunities. Based on this logic, Schutz et al (2005) build a theoretical model where the relationship between family-background effects and the enrollment in pre-primary education is non-linear because initially it is the children of relatively well-off families who start attending preprimary education. Only when a substantial share of children is enrolled in pre-school will there be an equalizing effect of pre-school enrollment. Schutz et al (2008) confirm this theoretical insight empirically and find an inverted U-shape relationship between the effect of family background on achievement and pre-primary school enrollment.
Following this literature, we include a measure of pre-school enrollment and its square to account for possible non-linearity. Column (4) in Table 4 shows that there is indeed an inverted Ushape relationship: Educational opportunities get more unequal with rising pre-school enrollment up 16 to some level, and beyond this threshold higher pre-school enrollment is associated with more equal educational opportunities.
In Table 5 , we estimate similar cross-country regressions with additional right-hand side variables to assess the impact of economic and other factors. In column (1) we add the Ginicoefficient and find that economic inequality is positively related to the inequality of educational opportunity. This finding is consistent with "vicious circle" theories of economic development (World Bank, 2006) . In short, high economic inequality is associated with high political inequality.
The concentration of income and power in the hands of the few leads to unequal initial opportunities for children from the least well-off segments of society. In turn, these unequal opportunities lead to economic inequality. Our empirical results seem to confirm this theoretical insight, showing that an increase in economic inequality of one standard deviation is associated with an increase in our measure of inequality of educational opportunities by one-third of a standard deviation.
Next we add GDP per capita as a control variable to account for the level of economic development. We find that countries with higher levels of GDP per capita have higher levels of inequality of educational opportunities, although the statistical significance of this result differs depending on the specification.
To account for the effect of possible natural resource endowments, we include the total rents from natural resources as a share of GDP (the sum of oil rents, natural gas rents, coal rents, mineral rents, and forest rents). The results show no effect of rents from natural resources on educational opportunities.
Finally, we include a measure for the availability of basic medical services for children. We find that the density of nursing and midwifery personnel (per 10,000 individuals) is statistically significantly and negatively correlated with the inequality of educational opportunity. Holding other factors constant, an increase of one standard deviation in the density of nursing and midwifery personnel leads to a decrease of more than 0.2 standard deviations in the inequality of educational opportunity.
This result means that the inequality of opportunity in education is not only a matter of the educational system itself. There are strong complementarities between two sectors -education and health care -that account for human capital production. The availability of basic medical services for children can significantly compensate for possible initial inequalities in family background and thus make educational achievement less dependent on pre-determined birth circumstances.
Equity-Efficiency Tradeoff
Do more equal educational opportunities come at a cost of lower achievement? In other words, is there a tradeoff between educational equity and efficiency? We address this question in a cross-country framework regressing the average PISA test scores in mathematics on our measure of inequality of educational opportunity. The results of this estimation are presented in Table 6 .
The inequality of opportunity is statistically significantly and negatively correlated with achievement. It means that higher inequality is associated with lower average achievement. In column (2) we add one control variable -GDP per capita -to account for differences in the level of economic development. The significance of the coefficient of interest is even higher in this specification.
18 An inspection of post-estimation residuals reveals several outlier observations. To ensure that our results are not driven by outliers, we exclude them from the sample and report this estimation in column (3). The coefficient for the inequality of educational opportunity remains statistically significant at the 1% level with a slightly lower coefficient. The magnitude of the effect is still substantial: An increase in inequality of educational opportunity by one standard deviation decreases average test scores in the country by 0.3 standard deviations. The scatter plot for this estimation is shown in Figure 3 .
Figure 3. Trade-off between Achievement and Inequality of Educational Opportunity
To some extent, this result contradicts previous findings. For instance, Woessman (2004) finds no relationship between inequality of opportunity and achievement. Other studies find no or very small negative correlation. Of course, this question requires more detail and an in-depth empirical study based on microdata. But until then, we can conclude that, at least in a cross-country setting, there is no trade-off between quality of education and equal opportunities for achievement.
The question regarding equity-efficiency tradeoff is crucial for public policy implications. Our results show that there is at least no contradiction between policies that aim to raise the quality of education and policies that aim to equalize educational opportunities. These goals can complement each other.
Concluding Remarks
In this paper, we make three contributions to the literature on educational opportunities. First, we examine the extent to which pre-determined family variables affect student academic achievement in the sample of 72 countries. We found that these factors account for up to 40 percent of the variation in educational achievement. Their effect is greater in Latin American and Middle East countries than in Scandinavian and East Asian countries. Second, we explore the determinants of the inequality of educational opportunity across countries. Our main finding is that this is unrelated to financial indicators such as expenditure per student or public spending on education as a share of GDP, but, however, it does depend on preschool enrollment, overall economic inequality, and the availability of basic medical services. Third, we document the negative relationship between the inequality of educational opportunities and educational achievement. In countries where family background plays a major role in determining individual progress, average educational achievement is lower. This result holds even accounting for the level of economic development. Thus, there is no tradeoff between the two types of policies to foster human capital -providing more equal access to education and achieving higher quality of education are not contradictory goals. In fact, both can be relevant policies for countries wishing to acquire higher levels of development.
